Abstract -Muscle characteristics, and particularly fiber type frequency and collagen properties, may be a source of variation in eating meat quality. Expanded space allowance in alternative breeding systems theoretically increases animal physical activity during growth. This review deals with effects of endurance training and spontaneous exercise in large areas in-and out-doors, on muscle characteristics in rabbits and pigs, two species of agronomic interest, and rats. Endurance training induces a fast-to-slower transition in myofiber contractile characteristics, following the IIB -> IIX -> IIA -> I transformation sequence. These changes are accompanied by a greater ability to transport fatty acids intracellularly, and (or) by enhanced activities of the mitochondrial reference enzymes. Newly synthesized heat-soluble collagen may be observed in the recruited muscles after endurance training in rats. Depending on the experiments (stocking density, ambient temperature, gender, and muscles), area allowance in-or out-of-doors, does not affect fiber type frequency compared with conventional systems or results in a lower proportion of type IIB/X fibers at the benefit of slower twitch fibers. Muscle lipids and collagen content are generally not modified by expanded indoor area, however, a higher proportion of non-soluble collagen may be observed in free-range animals in doors compared with confined ones. It is impossible to state a general rule for lipid stores and collagen properties in animals reared out-of-doors. Therefore, exercise studies are unsuitable to predict adaptative responses in muscle characteristics to alternative outdoor rearing systems, and in fine meat quality. myofiber type / intramuscular lipids / pig / rabbit / exercise / collagen heat-solubility
INTRODUCTION
Skeletal muscle is a heterogeneous tissue mainly composed of myofibers embedded into connective tissue. Individual muscle fibers are separated by the endomysium, whereas fiber fascicles are delineated by the perimysium, in which adipocytes may develop. Finally, the epimysium surrounds the entire muscle. Contractile and metabolic properties of muscle fibers play a key role in muscle function, determining the speed of contraction, force velocity, and resistance to fatigue. Collagen, the main protein in 70 F. Gondret et al. muscle connective tissue, is generally described as a supporting, force-transferring and absorbing element that prevents the myofibers from over-stretching [1] . Besides these physiological functions, the size and type frequency of the myofibers have been reported to influence meat texture and eating quality traits [2] [3] [4] . Evidence from bovines also indicates that connective tissue myofibrils, especially the quantity of collagen and thermal stability of collagen cross-links, may influence meat firmness and mechanical properties [5, 6] . The results are far less numerous in other species and not conclusive [7] , although a relationship between soluble collagen levels and technological yield of the processed meat has been suggested in pigs [8] .
Breeding factors act differently on these muscle characteristics, depending on whether they concern foetal, perinatal, or growing periods. Attention has been recently focused on the myogenic programming and postnatal myofiber development, as affected by early nutrition [9] , genetic factors [10] , or hormonal treatments [11] . It is also wellknown that the amount, composition, and arrangement of the intramuscular connective tissue change with age in bovines [12, 13] , however variations in collagen properties during growth have been less investigated in farm monogastrics than in laboratory rats [14] . Finally, physical stimuli induced by chronic electrical stimulation [15] or by endurance training [14] are known to affect both myofiber characteristics and collagen properties in laboratory rodents.
In farm species, there has been a growing interest in alternative breeding systems, since meat quality and animal welfare are thought to be improved [16] . Since space allowance is expanded, and distance between bedding and feeding area is increased in these breeding systems, in-or out-of-doors, the effects of physical activity during growth on the muscle properties are now of practical importance. The aim of this review was to address whether endurance training during growth, and spontaneous exercise in expanded areas, in-or out-of-doors, may influence muscle fiber characteristics, energy metabolic equilibrium, and collagen properties in pigs and rabbits. Data derived from trained rats are illustrated.
MUSCLE CHARACTERISTICS DURING NORMAL GROWTH

Myofibers
Based on the histochemical myofibrillar ATPase technique [17] , myofibers in adult muscles have been classified for a long time into slow-twitch fatigue-resistant type I with a low ATPase activity and force production, and fast-twitch type IIA and type IIB with a higher ATPase activity, a lower fatigue index, and a higher maximum tetanic tension. Such contractile characteristics are determined by the types of myosin crossbridge, which are coded for by different myosin heavy chain (MyHC) isoform genes. [19, 20] . Contractile and metabolic properties are generally related [22] . Thus, slowtwitch type I fibers are rich in mitochondria, which display both higher maximal enzyme activities of the tricarboxylic acid (TCA) cycle and a superior relative capacity to oxidize fatty acids compared with mitochondria of type II fibers [23] . The three fast fiber types also differ with regards to their oxidative capacities, with type IIA fibers being the most oxidative, type IIB fibers the least oxidative, and type IIX intermediate [24] . Finally, type I fibers contain about 4-fold more intracellular triglycerides (TG) than type IIA fibers, and about 30-fold more than type IIB/X fibers, as shown in rabbits [25] . Conversely, the majority of type II fibers exhibit both higher glycogen content and glycolytic enzyme activities compared to type I fibers [26] . Phosphocreatine content in the different fibers is aligned in an order similar to that determined by contractile power, i.e., approximately twofold higher in the fastest (IIB) fibers than in the slowest (type I) fibers [27, 28] . However, there are minor incompatibilities between contractile type and energy metabolism, with some type IIA fibers having oxidative activities as low as the majority of type IIB fibers in rabbits for instance [22] .
Energy-yielding muscle substrates
Carbohydrates (muscle glycogen and blood glucose), fat (in the form of TG, non-esterified fatty acids, and ketone bodies), and phosphocreatine are the main fuels used for ATP production to provide energy for protein turnover and muscle contraction (for a review, see [29] ). In muscles, the rates of oxidation of glucose and fat are generally inversely related [30] . Carbohydrates are mainly converted to lactate in fast-twitch muscle (anaerobic glycolysis), whereas they are converted into acetyl-CoenzymeA and enter the TCA cycle (oxidative catabolism) in slow-twitch muscles. Long-chain fatty acids of both extra-and intra-muscular sources may be partially degraded in peroxisomes to yield acyl-CoA with a shorter chain length, which are then transported into the mitochondrial matrix. This latter step is considered to be rate-limited by carnitine palmitoyltransferase I (CPT I) activity. Both peroxisomal and mitochondrial rates of fat oxidation are higher in slowtwitch muscles than in fast-twitch muscles [31, 32] .
Overall, there is evidence that fast-twitch muscles have greater glycogen stores than slow-twitch ones [33] . On the contrary, intramuscular fat content is largely unrelated to fiber type frequency [34, 35] , since TG deposited as lipid droplets represent only a small fraction (5-20%) of muscle TG content [36, 37] . Variability of muscle fat content in livestock species is then rather ascribed to changes in number and (or) size of intramuscular adipocytes clustered along fiber fasciculi [37, 38] .
Collagen
Collagen is actually a family of genetically, biochemically and immunologically different proteins [39] . More than 24 different types of collagen have been identified so far. They form a wide range of structures, nevertheless they are usually divided into two groups, the fibrillar and non-fibrillar collagens. In pigs and rats, as in other mammalian skeletal muscles, type I and III (fibrillar) collagens are distributed at all three levels of muscle connective tissue, whereas type IV (non-fibrillar) is located exclusively in the endomysial basement membrane [14, 40, 41] . Type V collagen is a minor collagen found in the endomysium [14] . It is widely accepted that collagen content in rats is higher in slow-twitch muscles involved in posture than in fast-twitch muscles used occasionally for brief voluntary movements [14] . More collagen is also observed in slow than in fast portions of a same muscle, and around slow-twitch fibers than around fast-twitch fibers dissected in a given muscle [42] . When a large number of muscles is considered (Fig. 1) , there is, however, no clear relationship between collagen content and myofiber type frequency in livestock species.
Collagen structures are stabilized by the formation of covalent crosslinks, linking individual molecules and fibrils together. During collagen maturation, reducible crosslinks formed by the initial condensation products are rapidly replaced by non-reducible crosslinks, leading to increased stability, decreased solubility of the protein, and enhanced resistance to some proteases [12] . The major end result in skeletal muscle is the formation of acid-stable collagen crosslink hydroxlysylpyridinoline. A positive relationship between the degree of hydroxlysylpyridinoline cross-linking and thermal stability of collagen has been found [43] . In general, locomotor muscles possess more crosslinking than postural muscles [44]. 
Age-related changes in myofiber and collagen characteristics
Fiber number is considered to be set before birth in the majority of species including pigs [45] , but may continue to multiply up to 17 days post-natal in some rabbit muscles [46] . Thereafter, muscle growth occurs exclusively through an increase in fiber length and diameter, with an increase in fiber length preceding that in fiber diameter. In various species, the growth of fiber diameter is mainly related to live weight, with a rapid increase during the immediate postnatal period followed by a decelerating rate to reach a plateau thereafter [47] [48] [49] . Another adaptation to postnatal life is the progressive changes in MyHC expression and in energy-generating enzyme activities. Embryonic and perinatal MyHC, the predominant MyHC isoforms expressed in neonatal muscles, are replaced by adult MyHC isoforms through a series of developmentally regulated transitions [20, 50, 51] Figure 1 . Collagen content in various skeletal muscles of pigs (1a) and rabbits (1b), plotted against the relative proportion of type I myofibers. The muscles under study are biceps femoris (BF [70, 96, [126] [127] [128] ), extensor digitorum longus (EDL [57, 60] [57, 60] ), rectus femoris (RF [57, 60] ), semimembranosus proprius (SMP [57, 60] ), semitendinosus (ST [126] ), and tibialis anterior (TA [126] ). in a muscle-specific pattern (Fig. 2) . Enzyme levels in the oxidative and glycolytic pathways are low in all fibers during foetal life, however, all muscles can be classified as mostly oxidative at birth [52, 53] . Interestingly, an increase in oxidative enzyme activities is observed during 2-5 weeks following birth in the muscles of rabbits (Fig. 2) and pigs [53, 54] , irrespective of energy metabolism in the adult. Thereafter, the metabolic evolution leads to an orientation towards anaerobic energy metabolism, especially in fast-twitch muscles [53] [54] [55] . In parallel, the relative proportion of lipid-rich fibers undergoes a dramatic decrease following birth in fast-twitch muscles of pigs [56] and rabbits [37], whereas TG progressively accumulates in intramuscular adipocytes [37, 56, 57] . Surprisingly, a decrease in muscle lipid content is observed during the first months of age in fast-twitch muscles of laboratory rats [58] .
Both metabolism and properties of collagen also change with age. As shown in Figure 3 , an initial fall in collagen content following birth has been found in the muscles of pigs under study [40, 59] and in some rabbit muscles [60] . It can be explained by a "dilution effect" of collagen in a period of marked increase in myofiber diameter, since activities of collagen biosynthesis enzymes are high in young tissues and fall rapidly thereafter [61] . However, an increase in collagen concentration has been reported in some rabbit muscles from weaning to sexual maturity [60] , and in rat muscles in youth and old age [44, 48, 62] . This probably arises from a decrease in collagen degradation out of proportion to the decrease in its synthesis [44, 62] . An enlargement in perimysium thickness with age has also been observed in pigs [63] . On the contrary, Figure 4 . Proposed scheme of fatty acid transport and utilization in skeletal muscle. Fatty acids (FA) are transported to the muscle via the blood either complexed to albumin or incorporated into triglycerides (TG) in circulating chylomicrons (CHYLO) and very low density lipoproteins (VLDL). They are released from lipoproteins through the action of the lipoprotein lipase (LPL) bound to the luminal face of endothelial cells, whereas the albumin binding protein (ABP) might be decisive in the dissociation of the albumin-fatty acid complex. In the interstitial space, FA are bound again to albumin. Several proteins are putatively involved in the translocation of long-chain FA through the plasma membrane, such as fatty acid translocase with a sequence similar to human CD36 antigen (FAT/CD36), plasma membrane-associated fatty acid binding proteins (FABPpm) acting as scavenger, and a family of fatty acid transport proteins (FATP1-6). Long-chain FA could bind directly to FATP closely associated with sarcolemmal acyl-Coenzyme A synthethase (ACS). Alternatively, FA could first bind to FAT/CD36 to be delivered either to FATP, or to cytosolic fatty acid binding proteins (FABP) and activated into acyl-CoenzymeA (acyl-CoA) by intracellular ACS [131] [132] . Acyl-CoA esters are bound in the aqueous cytoplasm to acyl-CoA binding proteins (ACBP). They enter into the mitochondrion via carnitine palmitoyl transferase I (CPT-I), and are cleaved in the beta-oxidation pathway (β-hydroxylacyl-CoenzymeA dehydrogenase, HAD). The acetyl-CoenzymeA molecules produced are oxidized through the tricarboxylic acid cycle (TCA). Whether fatty acids released from intramuscular adipocytes through local hormone sensitive lipase (HSL) activity may contribute a physiological relevance to lipid utilization in the myofibers during exercise is questionable.
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a well established fact in all muscles is that intermolecular reducible cross-links of collagen are progressively replaced by nonreducible thermally stable hydroxylysylpyridinoline [44, 59, 64] , leading to a decrease in the heat-solubility of collagen with age in pigs [40, 59] , rabbits [60] , and rats [44, 62] . In this process, type III collagen (a characteristic of embryonic and young tissues) is progressively replaced by type I collagen [61] .
MUSCLE RESPONSES
TO PHYSICAL TRAINING
Endurance training induces a fastto slow-twitch fiber transformation
Endurance training consists in longlasting and chronic exercises of moderate intensity (50-75% of the maximal oxygen consumption, VO 2 max). The prevalent experimental design is treadmill training. Recruitment of particular muscles during treadmill exercise can be proven by blood flow elevation in those muscles in pigs [65] and rats [66] . When normalized by live weight, there is no clear effect of endurance training on the mean cross-sectional area of the myofibers in pigs [28] and rats [58, 67] . On the contrary, treadmill training induces a clear remodeling in fiber types proportion. Since the activation threshold is lower in type I fiber motor neurons than in type II neurons [29] , type I fibers will do most of the contractile work during exercise at low intensity, while increasing numbers of type IIA, type IIX, and finally type IIB fibers will be recruited when work intensity increases. Therefore, a lower proportion of type IIB fibers is observed following endurance training, to the benefit of either type IIX ( [68] in pigs), type IIA ( [69, 70] in pigs; [58, 67, 71] in rats), or type I fibers ([28, 70] in pigs; [58, 67, 71] in rats). The magnitude of the switch between the three fast subtypes and eventually slow-twitch type I fibers depends on the intensity and duration of exercise, the composition and function of the recruited muscle, and gender [70] . Changes in myofiber type composition in response to endurance training may be brought about by switching on one subset and repressing another subset of genes. As demonstrated during chronic electrical stimulation at low frequency that mimics forced contractile activity, fast-twitch muscle is optimized for fatigue resistance by sequential repression of IIb, IIx and IIa MyHC genes, and activation of the slow MyHC gene [72] [73] [74] .
Endurance training induces a greater muscle reliance on fat oxidation
The rebuilding of the contractile system in response to mechanical strain of low-tomoderate intensity is accompanied by a shifting metabolism to oxidative processes. Since the capacity of the body to store carbohydrates is limited, an increased capacity to oxidize fats in working muscles during sustained exercise is advantageous. Therefore, an early adaptation to endurance training is a greater ability of the muscle cell to bind fatty acids (Fig. 4) , as shown by higher fatty acid binding protein mRNA level (FABP3 isoform) in muscles from endurance-trained men or from mice undergoing voluntary wheel running [75, 76] , and higher muscle CPT-I activity in rats [77] . Another adaptation concerns an increase in mitochondria number, as shown by elevated activities of mitochondrial marker enzymes in trained pigs [68, 69, 78] and rats [58, 79] , and upregulation of genes related to oxidative phosphorylation in mice [76] . These alterations in the muscle metabolic profile in response to endurance training are similar to the increase in fatty-acid translocase FAT/CD36 expression [80, 81] , mitochondrial volume and enzyme activities of terminal oxidation [15] , observed after chronic low-frequency stimulation of fast-twitch muscles in rats or rabbits.
Different oxidizable lipid sources are of outstanding importance to cover muscle energy demand. The relative contribution of fatty acids derived from TG-rich lipoproteins to muscle energy production probably represents only 5-15% [82, 83] . Plasma fatty acids are considered to supply half of the fatty acids oxidized in the leg during exercise in man [84] . However, it seems unlikely that lipolysis in the adipose tissue is the rate-limiting step for muscle lipid oxidation during exercise [83] . Conversely, intra-muscular TG are supposed to be an important substrate for the contracting muscle during long-lasting moderate-intensity exercise (up to 60% VO 2 max, [85] ). Utilization of intra-muscular fat stores is made possible by activation of muscle hormone sensitive lipase (HSL), at both enzyme activity [86] and mRNA [75] levels. Because myofiber TG droplets are located in the close vinicity of muscle mitochondria [87] , released fatty acids are then considered to be readily available for oxidation. In contrast, fatty acids released from adipocytes must be first complexed with albumin for their vascular transport to myofibers. Considering the low interstitial albumin concentration, the physiological relevance of fatty acids derived from intramuscular adipocytes during exercise is controversial. For instance, a decrease in myocellular lipids is shown after moderate exercise [88] [89] [90] , whereas there is no evidence for any changes in TG stored within intra-muscular adipocytes [88] . The replenishment of myocellular stores is generally permitted by an increase in the clearance of circulating TG through elevated muscle lipoprotein lipase (LPL) activity, as evidenced in treadmilltrained rats compared to untrained animals [91] . Increased expression of sterol regulatory element-binding protein 1 (SREBP-1), a key transcription factor regulating lipogenesis from carbohydrate sources, has also been recently postulated as a new mechanism for muscle TG replenishment [92] .
Endurance training effects on muscle substrate stores
In the literature, data dealing with muscle TG variation in response to exercise has to be interpreted with caution, regarding the following factors. (1) The distinction or not between myocellular TG, adipocyte TG, and muscle total TG (the sum of myocellular TG and intra-muscular adipocyte TG).
(2) The questionable representation of a needle biopsy because of the high coefficient of variation for lipid content between repeated biopsies (up to 25% according to [93] ). (3) The different methodologies used to assess muscle TG content (biochemical assays, non invasive 1 H magnetic resonance spectroscopy, electron microscopic morphometry [94] ). (4) The intensity, duration and pattern of the exercise. (5) The sampling time after the last bout of exercise. (6) The dietary supply before, during, and after exercise [90, 95] . As an example of controversy, muscles from treadmill-trained or untrained animals exhibit similar amounts of total lipids in pigs [96] and rats [58] , whereas a higher resting myocellular TG content is observed in trained compared to untrained men [89, 97] .
Because of substrate competition in energy production [30] , an increased mitochondrial fatty acid oxidation during exercise may be accompanied by a reduction in muscle ability for carbohydrate catabolism in trained animals. However, major enzymes involved in glycolysis or glycogenolysis pathways are little or not affected by endurance training in the muscles of pigs [68] and rats [58] . These findings are contrasted by decreased activities of various glycogenolytic, glycolytic and gluconeogenic enzymes in muscles from rats submitted to prolonged endurance training [98] , or lower activity of lactate dehydrogenase in blood from treadmill-trained rabbits [99] . Although glycogen depletion in muscle during exercise is reduced as an adaptation to endurance training, glycogen content is still depleted just after treadmill running in rabbits [100] . The average glycogen concentration in resting conditions is, however, higher in trained than in untrained pigs [78] and rats [101] . Phosphocreatine content is not affected by treadmill running in pigs [28] , whereas it is improved in trained muscles of rats [101] .
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Taken together, these adaptations to endurance training, i.e. higher lipid and glycogen stores, are likely physiologically relevant to meet the energy demand and reduce muscle reliance on exogenous substrates during exercise.
Associated modifications in collagen properties
Treadmill training has generally no impact on muscle collagen content in pigs [96, 102] and rats [44, 62, 103, 104] . However, an increase in collagen content in slow-twitch muscles has been reported after life-long intense treadmill training in rats [48, 61] . Regular treadmill work prevents the agerelated increase in hydroxylysylpyridinoline concentration in slow-twitch muscles of rats [44, 62] . Similarly, an increased proportion of heat-soluble collagen has been reported in the fast-twitch biceps femoris of male pigs following endurance training [96] . These changes likely result from the accretion of newly synthesized immature collagen [44] , since activities of collagen biosynthetic enzymes are enhanced by endurance training [61] . Another report fails to show any evidence for training effects on the heat-solubility of collagen [103] , however, collagen turn-over may be accelerated as suggested by an increased activity of prolyl 4-hydroxylase or higher incorporation of 3 H-prolin into collagen hydroxyproline (collagen biosynthesis) in trained rats [103, 105, 106] .
SPONTANEOUS PHYSICAL EXERCISE IN LIVESTOCK SPECIES
The effects of increasing spontaneous physical activity with access to large areas, in-or out-of-doors, are summarized in Table I , in comparison with muscle adaptations to endurance training.
Indoor space allowance
Myofiber diameter, fiber type percentage, or muscle metabolic enzyme activities are not affected by an exploratory behavior in large indoor pens [107] , or by a moderate walk along a corridor [108, 109] . However, a contractile profile similar to that observed following treadmill training may be observed in muscles of free-range animals performing a relatively high daily amount of physical activity. For instance, a fast-to-slower transition in contractile myofiber characteristics has been reported in four muscles of free-range pigs compared with the conventional system [70] , since the high stocking density (area per pig) in this experiment forced the animals to escape from social assaults by trotting and jumping. Similarly, rabbits housed in large pens equipped with hurlers, displayed higher proportions of type IIA fibers and (or) type I fibers at the expense of type IIB/X fibers in various muscles [57] , and increased oxidative enzyme activities (citrate synthase and β-hydroxylAcyl-CoenzymeA dehydrogenase) in semimembranosus and biceps femoris muscles [110] , compared with confined rabbits. Cross-sectional areas of myofibers are generally not affected by indoor space area [57, 70, 109] , although a moderate hypertrophy of the myofibers has been reported in longissimus muscle of free-range pigs [70] .
Numerous investigators did not show any changes in muscle lipid and(or) glycogen contents in animals exercising indoors compared with conventional systems [96, 107, 111] . However, Dal Bosco et al. [112] reported a higher glycogen content in fasttwitch muscles of pen-housed rabbits compared with caged rabbits. Collagen properties may be not affected by rearing systems [60, 96] , whereas higher amounts [60] and lower heat-solubility [60, 96] of collagen have been reported in some muscles of penhousing animals compared with conventional reared ones.
Alternative outdoor rearing systems
Animals reared out-of-doors have a large area over which to walk, but also a diverse environment providing various stimuli for Exercise and muscle characteristics 79 investigating behavior. More type IIA and less type IIB/X have been reported in three of five muscles studied, including semimembranosus and longissimus, in outdoor compared with indoor pigs [113, 114] . Other studies also show a lower proportion of type IIB/X in the tibialis cranialis muscle of outdoor reared compared with indoor housed pigs, but not in the semimembranosus and biceps femoris muscles [115, 116] . Finally, pigs in a semi-outdoor housing system (free access to an outdoor area) also exhibit both a higher proportion and a larger relative area of type IIA fibers at the expense a To take into account glycogen degradation occurring during slaughter or in vivo when biopsy samples are taken, determination of glycolytic potential (GP), i.e. the sum of the main components producing lactic acid postmortem, is frequently used.
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of type IIB/X fibers in the longissimus muscle [117] . Muscle metabolic enzyme activities, however, seem to adapt more to coldexposure out of doors [113] than to physical activity solely [117] . Fiber size is not [113, 117] or little affected by rearing condition, since a slight decrease in mean cross-sectional area [113] or in cross-sectional areas of type I and IIA fibers [114] have been sometimes observed in some muscles from outdoor compared with indoor pigs. It is impossible to state a general rule on the influence of the outdoor rearing system on intramuscular fat content, because of differences in climatic conditions, space allowance, genotypes, feeding levels, and diet composition offered to the animals. For instance, the meat of free-range or organic animals contains similar [118] or less intramuscular fat levels [113, 119, 120] than the meat of indoor animals. Likewise, increased [121] or similar [117, 122] intramuscular fat levels are observed in animals of the semi-outdoor housing system compared to indoor rearing. Concerning muscle glycogen, many studies report higher stores at slaughter in outdoor or free-range pigs compared with indoor pigs for semimembranosus and biceps femoris muscles [113, 117, 119] , but the results for longissimus muscle are more controversial [120, 121] . There are few investigations on the adaptation of collagen properties to outdoor rearing systems. Based on six different muscles, Combes et al. [123] documented that collagen content is similar or slightly higher in organic outdoor rabbits than in confined animals, however, the heat-solubility of collagen is not modified by the rearing system. On the contrary, both lower amounts and higher heat-solubility of collagen have been demonstrated in the longissimus muscle of semiextensively reared pigs compared with conventional ones [124] .
CONCLUSION
In rats, and farm animals to a lesser extent, there is considerable evidence that exercise training results in a fast-to-slower transition in contractile myofiber characteristics, together with improved capacity for aerobic ATP generation derived from fatty acids. However, there is a threshold for induction of the adaptation process depending on exercise intensity, muscles, and gender. With these considerations in mind, modifications in myofiber characteristics are not necessarily observed in free-range animals, in-or out-of-doors, compared with confined animals. Furthermore, responses on muscle lipid content and collagen properties in outdoor free-range animals may be either similar to or opposite of those observed in endurance trained animals, since the confusing effects of exercise, ambient temperature, substrate allowance and substrate quality, may interact together. Therefore, exercise training studies are largely unsuitable to predict the effects of free range rearing systems on many muscle characteristics and, in fine, on meat eating quality.
There is some evidence that pork meats of outdoor or semi-outdoor housing systems have lower ultimate pH and(or) higher drip loss [119, 121] -parameters that are generally associated with bad meat quality -, and display lower instrumental or sensory tenderness [119] compared with meats of conventional rearing systems. However, others found no important differences in meat quality between outdoor pigs and pigs confined indoors [114, 120, 122] . In rabbits, meat pH is lower in indoor pen-housing systems compared with conventional cages [111, 112] , whereas ultimate pH is higher and loin meat tenderness is improved in organic rabbits raised outdoors compared with conventional indoor animals [123, 125] . There is no standard alternative system for pig or rabbit production. Thus, generalizations about muscle properties and meat quality from alternative rearing must be approached with great care. 
